17 This paper presents a method for using reset control as an alter-18 native way of obtaining dissipation for a class of port- 19 Hamiltonian systems. One advantage of this approach is the sim-20 plicity of its implementation, which requires only a velocity ob-21 server. Another advantage is its robustness to modeling 22 Reset control is a nonlinear-hybrid control strategy especially 28 suited for plants subject to linear fundamental limitations. It is well 29 known [1] that many control problems are subject to linearly 30 unsolvable trade-offs between competing objectives, such as band-31 width versus robust stability. When properly tuned, a reset control 32 system is able to produce a fast step response with limited over-33 shoot, in a way that no linear controller is able to achieve. The origi-34 nal ideas can be dated back to the Clegg integrator [2] and to the 35 first order reset element [3] , where the design was addressed using 36 Horowitz's quantitative feedback theory. These controllers are sim-37 ple first order systems subject to a reset rule: the state is set to zero 38 whenever the input crosses zero. In a subsequent contribution [4] , 39 the resetting was generalized to an n-dimensional state, subject to 40 partial reset. These results showed the advantages of reset control, 41 but raised attention to the fact that resetting might produce instabil-42 ity. Analysis and design results were presented based on the so- 43 
53
ing control laws based on principles of energy and interchanged 54 power. Control by interconnection [13] , which is closely related to 55 impedance control [14] , makes use of this framework and exploits 56 the possibilities of interconnection of physical systems. 57 In this paper, we present a method for injecting dissipation, which 58 is based on the port-controlled Hamiltonian approach. First (1) transform into the 2n first order equations
96 where the energy is given by the Hamiltonian function,
The system (2) is an example of a Hamiltonian system with collo-98 cated inputs and outputs, which is given more generally in the fol-99 lowing form:
Normally, m < n, in which case we speak of an 103 under-actuated system. Using a more compact form, the 2n move-104 ment equations can be denoted as [15] 
105 where J(x) ¼ ÀJ T (x) and RðxÞ ¼ R T ðxÞ # 0 are, respectively, the 106 interconnection and damping matrices. 
The cart with mass m c moves on the girder in the r direction under 112 the actuating force F r , so its position coordinate is given by r. The 113 payload is represented by a point mass m b hanging from a rope 114 with variable length q. The payload and the cart are assumed to be 115 connected by a massless, rigid rope, and the mass of the payload 116 is assumed to be concentrated at a point. Adopting polar coordi-117 nates, with h as the swing angle, the payload position is given by 118 r Àwithq ¼ ðÀ sin h; cos hÞ T . Thus, the payload moves in the 119q direction under the actuating force F q . The kinetic energy is 120 given by K ¼ and it can be applied jointly with passivity-based control (PBC) 141 [13] . In PBC, the control input is naturally decomposed into two sive system [15] . A method to shape the energy function via inter-160 connection was first proposed and developed in Ref. [13] . The given by Eq. (7), with the energy function being The simulation results in Fig. 2 show the good performance of 221 the adopted solution. In Fig. 3 , the evolution of the plant's energy 222 is plotted.
223
It should be noticed that the use of dissipation injection as given 224 in Eq. (6) , that is, 
